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PRISCILLA  CALCULATIONS  AND  COMPARISON  WITH  DATA 


I.  Introduction 

' /The  nuclear  test  PRISCILLA  was  performed  as  part  of  the  Plumbbob  series 
of  tests  in  the  summer  of  I957o  Four  objectives  were-  at  the  center  of  the 

A(  *' 0  l-<  I  >>•.>  .•  t  L'  -'r  f 

-  “N  ^  -7 

program:  <£{1)  obtain  overpressure  a'nnd  dynamic  pressure  as  a  function  of 
time  and  distance;  (2)  document  the  formation  and  history  of  the  precursor 
waveforms;  (3)  determine  the  applicability  of  scaling  laws,*  and  (4) 
determine  the  validity  of  the  pressure-distance  curve  in  the  low-pressure 
region^1  ^.Efiese  objectives  were  achieved^ dnd  ao  a  result^)  it  is  possible  to 
make  a  thorough  comparison  of  numerical  simulations  with  the  experimental 

data.  Agreement  between  measurements  and  simulations  builds  confidence  in 

/  .  \ 

subsequent  theoretical  calculations.  ^  -a  ir  r  ( J 

^The  event  Priscilla  was  simulated  using<-ftie  FAST2D  code.2  The  important 
physical  processes  such  as  thermal  layer  development  and  dust  entrainment 
were  modeled.  Three  separate  calculations  with  progressively  more  of  the 
pertinent  physics  included  were  completed.  Results  of  the  detailed 
comparisons  between  these  calculations  and  the  experimental  data  show  good 
agreement.  Best  agreement  is  found  by  including  the  thermal  layer  and  the 
entrained  dust.  These  two  effects  work  in  opposite  directions.  That  is, 
the  thermal  layer  is  a  heated  region  where  the  local  sound  speed  is 
enhanced,  but  the  dust  adds  mass  which  tends  to  cool  the  local  volume.  The 
former  produces  a  strong  precursor  while  the  latter  tends  to  weaken  the 
effect.  By  choice  of  the  appropriate  models  good  agreement  between  calcu¬ 
lation  and  experiment  has  been  achieved. 

Manuscript  approved  February  19,  1985. 
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II.  CALCULATIONAL  PROCEDURE 


Shoe  Priscilla  was  a  37-kton  nuclear  explosion  detonated  700  feet  above 
the  ground  surface.  This  configuration  was  modeled  with  cylindrical  (r-z) 
geometry.  Constant  grid  separation  with  Ar  «  1  meter  and  Az  ■  1  meter  were 
chosen.  Initialization  of  the  blast  flow  field  was  taken  from  the  1  KT  nu¬ 
clear  standard3.  The  initialization  took  place  61  ms  after  disassembly, 
which  is  appropriate  for  a  blast  wave  at  a  radius  of  690  feet. 

Figure  1,  which  is  a  contour  plot  of  density,  Indicates  this  configur¬ 
ation.  The  model  for  the  thermal  layer  was  taken  from  Kuhl.1*  Figure  2 
shows  the  effective  sound  speed  versus  distance  for  the  Priscilla  event. 

The  sound  speeds  are  computed  from  the  shock  time  of  arrival  using  the 
Rankine-Hugoniot  jump  conditions.  It  is  interesting  to  note  that 
computationally  this  curve  provides  a  straightforward  way  to  include  the 
hot  layer  near  the  ground.  However,  it  represents  a  combination  of  all  the 
effects  in  the  thermal  layer.  As  the  shock  proceeds  along  the  ground 
surface,  it  encounters  the  previously  heated  ground,  convectively  mixed  air, 
and  elevated  and  entrained  dust  particles.  For  our  calculations  the  thermal 
layer  is  assumed  to  be  clean  and  in  pressure  equilibrium.  This  layer  was 
implemented  in  the  code  by  defining  the  bottom  3  zones  to  have  a  density  in¬ 
ferred  from  the  temperature  model  and  consistent  with  pressure  equilibrium. 

The  dust  is  treated  as  separate  fluid  and  becomes  entrained  at  a  rate 
proportional  to  the  horizontal  velocity  in  the  first  zone  adjoining  the 


ground  surface: 


dp 

dt 


0.08 


It  is  assumed  that  the  elevated  particles  are  at  the  same  temperature  as  the 
local  fluid,  so  that  the  dust  entrainment  process  adds  energy  as  well  as 
mass  (but  not  momentum)  to  the  flow.  The  process  of  entrainment  continues 


2 


as  long  as  the  horizontal  velocity  at  ground  level  remains  nonzero.  By  the 
end  of  the  calculation  described  here,  approximately  two  kton  of  dust  Is  in 
the  flow  field,  and  the  amount  has  almost  saturated.  There  Is  no  mechanism 


for  dust  fallout. 

III.  CALCULATIONS  RESULTS 

The  evolution  of  the  shock  structure  and  Its  interaction  with  the  heated 
layer  and  dust  are  presented  in  a  series  of  contour  plots  at  different  se¬ 
lected  times.  The  first  five  figures  (Figures  3-7)  show  density  contours  in 
the  ideal  case  (Priscilla  without  thermal  layer).  Distances  in  the  figures 
are  given  in  centimeters.  A  window  of  277  meters  in  the  radial  direction 
is  shown.  Figure  4  shows  the  Mach  stem,  reflected  shock,  slip  surface,  and 
the  incident  shock.  At  0.686  sec.,  Fig.  7,  the  triple  point  has  risen  to  a 


height  of  114  meters. 

Figures  8-17  show  the  case  with  a  heated  layer  but  no  dust.  The  figures 
show  density  and  pressure  contours  at  each  display  time.  In  Fig.  8  one  can 
see  the  beginning  of  the  precursor  as  the  shock  runs  out  ahead  of  what  would 
have  been  the  Mach  stem.  Figure  10  at  0.298  seconds  shows  the  considerable 
detail  of  the  very  complex  flow.  A  pronounced  contact  discontinuity  is  pre¬ 
sent  in  the  lower  right  hand  edge  of  this  figure  (note  its  presence  in  den¬ 
sity  but  not  pressure).  This  represents  the  interface  between  the  thermal 
layer  and  the  ambient  air  after  the  passage  of  the  precursor  shock.  Compar¬ 
ison  of  Fig.  10  and  11  show  numerous  triple  points  which  are  terminations  of 
the  shocks  produced  by  the  reflections  and  rarefactions  that  occur  as  the 
spherical  incident  shock  encounters  the  hot  thermal  layer.  Figures  12  and 
13  reveal  a  large  rollup  behind  what  would  normally  be  the  Mach  stem.  Mov¬ 
ing  forward  from  this  rollup  is  a  higher-density  cold  jet  of  air.  Further 
evolution  of  the  structure  is  seen  in  Figs.  14  and  15,  and  finally  in  Figs. 
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16  and  17  Che  first  triple  point  Is  at  136  meters. 

The  final  calculation  includes  the  effects  of  the  dust.  Figures  18-29 
show  total  density,  dust  density  and  pressure  at  different  times.  Figures 
18-20  correspond  to  the  clean  flow  case,  Fig.  8  and  9,  and  to  the  ideal 
case.  Fig.  4.  Morever,  the  times  are  comparable  for  each  set  of  figures, 
enabling  a  direct  comparison  of  the  three  cases.  The  primary  difference 
between  this  last  case  and  the  previous  two  results  from  the  presence  of  the 
dust.  The  dust  density  contours  reveal  a  considerable  lip  of  dust  emerging 
as  the  large  vortex  develops  behind  the  Mach  stem  position.  In  addition, 
the  extra  shocks  that  were  present  in  the  clean  flow  (cf.,  eg..  Fig.  16  and 
Fig.  29)  have  disappeared,  t^th  the  outrunning  precursed  shock  and  the 
shock  linking  the  reflected  shock  to  the  upper  Mach  stem  are  missing.  There 
are  four  triple  points  present  as  one  moves  down  along  the  incident  shock. 
The  first  triple  point  is  located  at  108  meters  height.  In  Fig.  29  only  two 
triple  points  are  observable,  the  first  being  at  94  meters. 

IV.  PRISCILLA  EXPERIMENTAL  DATA  AND  COMPARISONS 

The  data  from  the  Priscilla  test  is  contained  in  several  reports.  Ref¬ 
erence  1  describes  the  basic  alrblast  phenomena  while  additional  data  from 
the  Stanford  Research  Institute  (SRI)  measurements  is  found  in  Ref.  5.  The 
data  has  been  assembled  and  is  presented  here  in  three  formats.  First,  the 
time  of  arrival  (TOA)  of  the  first  wave  (precursor)  is  given  as  a  function 
of  ground  range.  The  agreement  between  data  and  calculation  is  an  indica¬ 
tion  that  the  choice  of  thermal  layer  and  dust  model  is  reasonable.  This 
should  be  regarded  only  as  a  crude  test  since  TOA  is  one  of  the  easiest 
curves  to  match  in  airblast  simulations.  Second,  the  peak  overpressure  ver¬ 
sus  distance  data  is  presented.  This  has  long  been  regarded  as  a  good  test 
of  agreement  between  test  data  and  calculations.  Additionally,  the  dynamic 


pressure  (0.5pvz)  is  plotted  against  range  as  an  adjunct  to  the  overpressure 
data.  The  values  of  dynamic  pressure  at  larger  ranges  are  uncorrected. 

Figure  30a  contains  the  TOA  experimental  data.  The  symbols  denote  sep¬ 
arate  experiments  that  were  fielded  on  Priscilla.  Large  scatter  exists  in 
most  of  the  data  except  for  the  SRI  experiment.  Figure  31a  displays  the 
peak-overpressure-versus-range  data,  and  Fig.  32a  shows  the  few  values  of 
dynamic  pressure  obtained.  For  each  of  the  above  figures  the  values  from 
the  calculations  are  plotted  on  a  transparent  overlay.  Direct  comparisons 
can  thus  be  made  by  using  Figs.  30a  and  30b,  Figs.  31a  and  31b,  and  Fig.  32a 
and  32b. 

A  more  stringent  comparison  can  be  made  by  actually  comparing  the  exper¬ 
imental  station  data.  At  a  fixed  location  values  of  overpressure  and  dyna¬ 
mic  pressure  were  recorded  as  functions  of  time.  The  SRI  data  is  deemed  to 
be  more  reliable  and  better  resolved6  and  will  be  used  for  the  comparison. 

In  order  to  condense  the  information  each  plot  displays  four  curves. 
Curve  A  is  the  ideal  calculation,  curve  B  is  the  clean  flow,  curve  C  is  the 
dusty-flow  calculation  and  curve  D  is,  of  course,  the  experimental  data. 

The  comparison  first  begins  with  Fig.  33,  which  displays  overpressure 
versus  time  for  the  450-ft  station.  All  three  calculations  A,  B,  and  C  have 
approximately  the  same  shape  and  TOA,  0.106  sec.  Figure  34  shows  the  over¬ 
pressure  at  the  550-ft  station.  Definite  structure  begins  to  appear  in  B 
(clean)  and  C  (dusty)  while  A  (ideal)  begins  to  lag  in  arrival  time.  The 
data  (D)  at  this  station  indicates  a  faster-moving  signal  arriving  at  0.117 
sec.  In  Fig.  35  the  first  indication  of  precursed  wave  is  seen  in  the  cal¬ 
culations.  The  650-ft  station  is  approaching  the  point  of  transition  to 
double  Mach  configuration  in  the  ideal  case  A.  Lack  of  resolution  in  the 
computational  grid  probably  accounts  for  the  disagreement  in  the  arrival 


times  up  to  this  point.  The  precursor  must  develop  a  physical  dimension 
equivalent  to  several  meters  (several  zone  widths)  before  it  is  represented 
in  the  three-point  algorithm.  Also  the  reduced  peaks  (in  relation  to  B)  are 
attributable  to  the  coarse  resolution. 

Figures  36  and  37  show  better  agreement  between  arrival  times.  Note 
curves  B  and  C  compared  to  D.  Figures  38  and  39  are  at  ground  ranges  of 
1050  and  1350  feet,  respectively.  Negative  overpressures  begin  to  appear  in 
B  after  the  arrival  of  the  precursor  and  before  the  main  compression  wave. 
Figures  40-42  show  the  1650-ft  station  at  0,  3,  and  10  feet,  respectively. 
Curves  C  are  somewhat  better  in  comparison  to  D. 

Figures  41-49  detail  the  dynamic  pressure  versus  time  for  the  same  sta¬ 
tion  locations  as  the  static  overpressure.  Examination  of  Fig.  49  shows 
much  better  agreement  with  C  and  D;  curve  B  differs  by  an  order  of  magni¬ 
tude.  The  general  trend  shows  better  agreement  when  both  dust  and  thermal 
layer  are  included.  Since  the  effects  compete  against  each  other,  one  need 
only  vary  the  important  parameters  in  the  models  to  achieve  better  agree¬ 
ment.  The  temperature  would  be  adjusted  downward  to  retard  the  time  of 
arrival,  while  decreased  dust  should  increase  the  dynamic  pressure. 

In  conclusion,  the  event  Priscilla  has  been  simulated  with  a  series  of 
calculations.  The  results  of  the  calculations  when  compared  to  the  actual 
experimental  data  indicate  the  importance  of  the  hot  thermal  layer  in  the 
flow  field.  Moreover,  the  addition  of  dust  to  the  flow  is  mandatory  in 
order  to  achieve  reasonable  agreement  with  the  dynamic  pressure.  This  com¬ 
parison  shows  that  non-ideal  effects  in  airblast  can  be  computed  with 
reasonable  agreement  with  experimental  data. 


Z  (FI ) 


PRISCILLA  WITHOUT  THERMAL  LAYER 


a.nsMi  ' - 

0.3SIC«<M 

T«  3.MDCBK-C3  SBC 

mm  umm.  m  a.«a 

tax -a»  nii.ii*  a. 

PRISCILLA  36. S  KT  AT  700  FEET 
TIME:  0. 1 6456c *00  SEC..  STEP  1001.  DUHP  PRIS0011  PRESSURE.  0TNES/CM..2 


a.33ie«ot  xsioc^b 


9RI$CllLfl  36.6  KT  AT  700  FEET 

7!ME=  0.29750E-CC  SEC..  S~E?  2001.  DUMP  PR I S002 1  PRESSURE.  OYNES/CH* 


Figure  11 


PRISCILLA  36. S  KT  AT  700  FEET 

TIME=  0.46379E*CQ  SEC..  STEP  3001.  OUHP  PR1S0031  DENSITY  i.  GM/CC 


Figure  12 


PR I SCI Luff  36.6  KT  AT  700  FEET 

TIME =  0.4637SE*00  SEC..  STEP  3001.  DUMP  PRIS0031  PRESSURE.  0YNES/CM««2 


Figure  13 


PRISCILLA  36.6  «T  AT  700  FEET 


T [M£=  0.367336*00  SEC..  ST£»  3501.  DUMP  PRISC036  OENSITY  1.  GM/CC 


PRISCIL.P  36.6  KT  ft T  700  FEET 


Figure  16 


PRISCILLA  WITH  OUST 


Figure  18 


PRISCILLA  WITH  OUST 


TIME=  0. 16435E+0C  SEC..  STEP  1001.  DUMP  POSTOOll  OENSITY  2.  GM/CC 


Figure  19 


PRrSClLLfl  WITH  DUST 

TIWE=  0.J5435E-C0  SEC. .  STE9  1C01.  OUHP  PDSTOOll  PRESSURE.  0THES/CM««2 


Figure  20 


PRISCILLA  WITH  OUST 


Figure  25 


PRISCILLA  WITH  OUST 

T1ME=  0.56632£*C0  SEC. .  STEP  3SC1.  DUMP  PCST0036  •  DENSITY  2.  GH/CC 


Figure  27 


OVERPRESSURE  (psi> 


PRESSURE  (psi) 


CALCULATIONAL  PEAK  OVERPRESSURE 
VERSUS  GROUND  RANGE 


OVERPRESSURE .  DYNES/CM««2 


PR I SC ILLS  CALCULATION  AND  SRI  DATS 


yc.y «  =  n  «nnnp*fi3  n  nnnnnp*nn  ft 


Figure  34 


0VERPRESSURE.  DYNES/CM«2 


K«!.y«;  =  n  ppnnnp.m  n.nnnnnp*nn  pt 


Figure  35 


Figure  36 


PRISCILLA  CALCLLATI0N  AND  SRI  DATA 

—> — i — i — i — » — i — i — i — i — i — * — r 


18  .20  .22  .24  .26  .28  .30 


TIME.  SEC. 

XS.YS  =  □ . BSQC0E*03  O.OOOOOE-CQ  FT 


Figure  37 


PRISCILLA  CALCULATI0N  AND  SRI  DATA 

-1 - 1 - ! - r - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 


■  I _ i _ 1 _ i _ I _ i _ 1 _ i _ L_i _ L  l  1 _ i  1  i  ■  .1 - 1 

I  .22  .2*  .26  .28  .30  .32  .34  .36  .38 

TIME.  sec. 


XS.YS  =  0. 10SQQE+Q4  O.OCOCOE^OO  FT 


Figure  38 


PRISCILLA  CALCULATES  AND  SRI  ORTA 


pRisciLLfl  c.qi_cu_flTi0N  m  sri  DflT.q 


PRISCILLA  CALCULATION  AND  SRI  DATA 


Figure  43 


Figure  44 


Figure  45 


Figure  46 


Lfl  C9LCjLStI0N  AND  SRI  DATS 


RESSURE.  DYNES/CI 


I SC I LLP  CPLCULPTI0N  PNO  SRI  DPTP 


PRISCILLA  CPLCULATI0N  PING  SRI  OATS 


Figure  50 


OYNRM 


.30  .32  .34  .36  .38  .40  .42  .44  .46  .48  .50  .52  .54  .56  .58  .60  .62  .64 

TIME.  SEC. 


XS.YS  =  0. 1SSQQE*Q4  0. 10000E*02  FT. 


Figure  51 


60 


References 


1.  E.  J.  Bryant,  and  J.  H.  Keefer,  "Operation  Plumbbob",  Basic  Airblast 
Phenomena,  Ballistic  Research  Lab.  Report,  WT  1401,  June  1962.  (AD  344935) 

2.  M.  A.  Fry  and  D.  L.  Book,  "Interaction  of  Explosively  Produced  Shock 
Waves  with  Internal  Discountlnuites  and  Exteral  Objects",  in  Dynamics  of 
Shock  Waves,  Explosions,  and  Detonations,  J.  R.  Bowen,  N.  Manson,  A.  K. 
Oppenheim,  and  R.  I.  Soloukhin,  editors  (AIAA,  New  York,  1984),  p.  449. 

3.  DNA  Nuclear  Airblast  Standard  (1KT),  C.  Needham  and  J.  Crepeau,  DNA  Re¬ 
port  5648T,  1981. 

4.  A.  L.  Kuhl,  Private  communication,  Research  Development  Associates. 

5.  L.  M.  Swift,  D.  C.  Sachs,  A.  R.  Kriebel,  "Operation  Plumbbob — Airblast 
Phenomena  in  the  High-Pressure  Region",  SRI  Report  WT  1403,  1960.  (AD  611  257) 

6.  Fred  Sauer,  Private  Communication,  California  Research  and  Technology. 


DISTRIBUTION  LIST 


Assistant  Secretary  of  the  AF  Air  Force  Geophysics  Laboratory 

Research,  Development  and  Logistics  Hanscom  AFB,  MA  01731 

Department  of  the  Air  Force  Q1CY  Attn  LWW  K  Thompson 

Washington,  DC  20330 

01CY  Attn  SAFALR/Dep  for  Strat  &  Space  Sys 


Air  Force  Institute  of  Technology 
Air  University 

Wright-Patterson  AFB,  OH  45433 
(Does  Not  Desire  Classified  Documents) 
01CY  Attn  Library 

Air  Force  Weapons  Laboratory,  AFSC 

Kirtland  AFB,  NM  87117 

01CY  Attn  NTES-C  R  Henny 

01CY  Attn  NTED-I 

01CY  Attn  NTED  R  Matalucci 

0 ICY  Attn  NTF  M  Plamondon 

01CY  Attn  NT  D  Payton 

01CY  Attn  NTED- A 

01CY  Attn  NTES-G 

01CY  Attn  SUL 

0  ICY  Attn  DEX 

01CY  Attn  NTES-S 

0  ICY  ATtn  NTEO 

01CY  Attn  DEY 


Deputy  Chief  of  Staff 
Logistics  &  Engineering 
Department  of  the  Air  Force 
Washington,  DC  20330 
01CY  Attn  LEEF 

Office  of  the  Chief  of  Naval  Operations 
Washington,  DC  20350 
01CY  Attn  OP  981 
01CY  Attn  OP  03EG 

Commander 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22449 

01CY  Attn  Tech  Library  &  Info  Svcs  Br 
Commander 

Naval  Weapons  Center 
China  Lake,  CA  93555 
01CY  Attn  Code  3201  P  Cordle 
Q1CY  Attn  Code  266  C  Austin 
01CY  Code  233  (Tech  Lib) 


Headquarters 

Air  Force  Systems  Command 
Andrews  AFB,  DC  20334 
01CY  Attn  DLWM 
01CY  Attn  DLW 

Ballistic  Missile  Office/MN 
Air  Force  Systems  Command 
Norton  AFB,  CA  92409 
(Minuteman) 

01CY  Attn  MNNXH  G  Kalansky 
01CY  Attn  MNNXH  M  Delvecchio 
01CY  Attn  MNN  W  Crabtree 
01CY  Attn  MNNXH  D  Gage 
01CY  Attn  MNNX 

Deputy  Chief  Staff 
Research,  Development  &  ACQ 
Department  of  the  Air  Force 
Washington,  DC  20330 
01CY  Attn  AFRDQI  N  Alexandrow 
01CY  Attn  AFRDPN 
01CY  Attn  AFRDQI 

Commander 

Foreign  Technology  Division,  AFSC 
Wright-Patterson  AFB,  OH  45433 
01CY  Attn  NIIS  Library 

Director 

Strategic  Systems  Project  Office 
Department  of  the  Navy 
Washington,  DC  20376 
01CY  Attn  NSP-272 
01CY  Attn  NSP-43  (Tech  Lib) 

President 

Naval  War  College 

Newport,  RI  02840 

01CY  Attn  Code  E— 1 1  (Tech  Service) 

Commanding  Officer 

Naval  Weapons  Evaluation  Facility 

Kirtland  Air  Force  Base 

Albuquerque,  NM  87117 

01CY  Attn  R  Hughes 

01CY  Attn  Code  10  (Tech  Lib) 


63 


mevioosPAoe 
IS  BLANK 


Lovelace  Biomedical  &  Environment 
Rsch  Institute,  Inc. 

P.0.  Box  5890 

Albuquerque,  NM  87115 

01CY  Attn  R  Jones  (unci  only) 


Sandia  Laboratories 
Livermore  Laboratory 
P.0.  Box  969 
Livermore,  CA  94550 


Oak  Ridge  National  Laboratory 

Nuclear  Division 

X-10  Lab  Records  Division 

P.0.  Box  X 

Oak  Ridge,  TN  37830 

01CY  Attn  Civil  Def  Res  Proj 

01CY  Attn  Att  Central  Rsch  Library 

Department  of  Energy 
Albuquerque  Operations  Office 
P.0.  Box  5400 
Albuquerque,  NM  87115 
01CY  Attn  CTID 


Department  of  Energy 
Washingotn,  Dc  20545 
01CY  Attn  OMA/RD&T 


Lawrence  Livermore  National  Lab 

P.0.  Box  808 

Livermore,  CA  94550 

01CY  Attn  L-90  R  Dong 

01CY  Attn  L-250  J  Hearst  (Class  L-203) 

01CY  Attn  L-90  D  Norris  (Class  L-504) 

01CY  Attn  L-7  J  Kahn 

01CY  Attn  D  Glenn 

01CY  Attn  L-437  R  Schock 

01CY  Attn  Technical  Info  Dept  Library 

01CY  Attn  L-200  T  Bltkovich 


Assistant  Chief  of  Staff 
Intelligence 

Department  of  the  Air  Force 
Washington,  DC  20330 
01CY  Attn  In  Rm  4A932 


Department  of  Energy 

Nevada  Operations  Office 

P.0.  Box  14100 

Las  Vegas,  NV  89114 

01CY  Attn  Mail  &  Records  for 

Technical  Library 

Commander 

Rome  Air  Development  Center  AFSC 
Griffiss  AFB,  NY  13441 
(Desires  No  CNWDI) 

01CY  Attn  TSLD 

Strategic  Air  Command 

Department  of  the  Air  Force 

Offutt  AFB,  NB  68113 

01CY  Attn  NRI-Stinfo  Library 

01CY  Attn  XPFS 

01CY  Attn  Int  J  McKinney 

Director 

Air  University  Library 
Department  of  the  Air  Force 
Maxwell  AFB,  AL  36112 
(Desires  NO  CNWDI) 

01CY  Attn  Aul-LSE 

Assistant  Chief  of  Staff 
Studies  &  Analyses 
Department  of  the  Air  Force 
Washington,  DC  20330 
01CY  Attn  AF/SAMI  (Tech  Lib) 


APTEC  Associates  Inc. 

26046  Eden  Landing  Road 
Hayward,  CA  94545 
0  ICY  Attn  S  Gill 

AVCO  Research  &  Systems  Group 
201  Lowell  Street 
Wilmington,  MA  01887 
01CY  Attn  Library  A830 


ACUREX  Corp. 

485  Clyde  Avenue 
Mountain  View,  CA  94042 
0 ICY  Attn  C  Wolf 


Agbabian  Associates 
250  N  Nash  Street 
El  Segundo,  CA  90245 
01CY  Attn  M  Agbabian 

Applied  Research  Associates,  Inc. 
2601  Wyoming  Blvd  NE  Suite  H-l 
Albuquerque,  NM  87112 
01CY  Attn  J  Bratton 
01CY  Attn  N  Higgins 

Department  of  the  Interior 
Bureau  of  Mines 

Bldg  20,  Denver  Federal  Center 
Denver,  CO  80225 
(Unclasified  Only) 

01CY  Attn  Tech  Library 


Sanida  National  Lab 

P.0.  Box  5800 

Albuquerque,  NM  87185 

All  Class  Attn  Sec  Control  0FC  FOR 

01CY  Attn  A  Chaban 

01CY  Attn  L  Hill 

01CY  Attn  Org  1250  W  Brown 

01CY  Attn  A  Chabia 

01CY  Attn  W  Roherty 

01CY  Attn  3141 

01CY  Attn  L  Vortman 

01CY  Attn  J  Banister 


Astron  Research  &  Engineering 
1901  Old  Middlef ield  Way  #15 
Mountain  View,  CA  94043 
01CY  Attn  J  Huntington 

BDM  Corp. 

7915  Jones  Branch  Drive 
McLean,  VA  22102 
01CY  Attn  A  Lavagnino 
01CY  Attn  T  Neighbors 
01CY  Attn  Corporate  Library 

Aerospace  Corp. 

P.O.  Box  92957 

Los  Angeles,  CA  90009 

01CY  Attn  H  Mirels 

01CY  Attn  Technical  Info  Services 

Analytic  Services,  Inc. 

400  Army-Navy  Drive 
Arlington,  VA  22202 
01CY  Attn  G  Hesselbacher 

Central  Intelligence  Agency 
Washington,  DC  20505 
01CY  Attn  OSWR/NED 


Director 

Federal  Emergency  Management  Agency 

Natinal  Sec  Ofc  Mitigation  &  Rsch 

1725  I  Street  NW 

Washington,  DC  20472 

(All  class  attn  B105  DOC  Control  FOR 

01CY  Attn  Mitigation  &  Rsch  Div, 

Los  Alamos  National  Scientific  Lab 

Mail  Station  5000 

P.O.  Box  1663 

Los  Alamos,  NM  87545 

Classified  only  to  mail  station  5000 

01CY  Attn  R  Whittaker 

01CY  Attn  C  Keller 

01CY  Attn  M.T.  Sanford 

01CY  Attn  MS  364  Class  Reports  LIB 

01CY  Attn  E  Jones 


65 


Kaman  Avidyne 
83  Second  Avenue 
Northwest  Industrial  Park 
Burlington,  MA  01803 
01CY  Attn  R  Ruetenik 
01CY  Attn  Library 
01CY  Attn  N  Hobbs 
01CY  Attn  E  Criscione 

General  Research  Corp 
Santa  Barbara  Division 
P.0.  Box  6770 
San  Barbara,  CA  93111 
01CY  Attn  TIO 

IIT  Research  Institute 

10  W  35th  Street 

Chicago,  II  60616 

01CY  Attn  R  Welch 

01CY  Attn  M  Johnson 

01CY  Attn  Documents  Library 


EG&G  Wash.  Analytical  Svcs  Ctr,  Inc. 
P.O.  Box  10218 
Albuquerque,  NM  87114 
01CY  Attn  Library 


Gard,  Inc. 

7449  N  Natchez  Avenue 
Niles,  II  60648 

01CY  Attn  G  Neidhardt  (unci  only) 

Bom  Corp 
P.O.  Box  9274 
Albuquerque,  NM  87119 
01CY  Attn  R  Hensley 


California  Research  &  Technology,  Inc 

6269  Variel  Ave 

Woodland  Hills,  CA  91367 

01CY  Attn  Library 

0LCY  Attn  K  Kreyenhagen 

01CY  Attn  M  Rosenblatt 

Calspan  Corp 
P.O.  Box  400 
Buffalo,  NY  14225 
01CY  Attn  Library 


General  Electric  Co 
Space  Division 
Valley  Forge  Space  Center 
P.O.  Box  8555 
Philadelphia,  PA  19101 
01CY  Attn  M  Bortner 

Denver  University  of 

Colorado  Seminary 

Denver  Research  Institute 

P.O.  Box  10127 

Denver,  CO  80210 

(only  1  copy  of  class  reports) 

01CY  Attn  Sec  Officer  for  J  Wisotski 

Eric  H.  Wang 

Civil  Engineering  Rsch  PAC 
University  of  New  Mexico 
University  Station 
P.O.  Box  25 
Albuquerque,  NM  87131 
01CY  Attn  J  Lamb 
01CY  Attn  P  Lodde 
01CY  Attn  N  Baum 
01CY  Attn  J  Ko varna 

Boeing  Co 

P.O.  Box  3707 

Seattle,  Washington  98124 

01CY  Attn  S  Strack 

01CY  Attn  Aerospace  Library 

01CY  Attn  M/S  42/37  R  Carlson 

California  Research  &  Tech  Inc. 

4049  First  Street 
Livermore,  CA  94550 
01CY  Attn  D  Orphai 


Applied  Theory,  Inc. 

1010  West  Wood  Blvd 

Los  Angeles,  CA  90024 

(2  Cys  if  unclass  or  1  Cy  if  Class) 

01CY  Attn  J  Trulio 


Patel  Enterprises,  Inc 
P.O.  Box  3531 
Huntsville,  AL  35810 
01CY  Attn  M  Patel 


McDonnell  Douglas  Corp 
5301  Bo Isa  Avenue 
Huntsville  Beach,  CA  92647 
01CY  Attn  H  Herdman 
01CY  Attn  R  "alprin 
01CY  Attn  D  Dean 

Merritt  Cases,  Inc. 

P.O.  Box  1206 
Redlands,  Ca  92373 
01CY  Attn  J  Merritt 
01CY  Attn  Library 

Mission  Research  Corp. 

P.O.  Drawer  719 

Santa  Barbara,  CA  93102 

(All  class:  Attn:  SEC  Ofc  For) 

01CY  Attn  C  Longmire 

01CY  Attn  G  McCartor 

Kaman  Tempo 

816  State  St  (P.O.  Drawer  QQ) 
Santa  Barbara,  CA  93120 
01CY  Attn  Dasiac 


Martin  Marietta  Corp 
P.O.  Box  5837 
Orlando,  FL  32855 
01CY  Attn  G  Fotibo 

Information  Science  Inc. 

123  W.  Padre  Street 
Santa  Barbara,  CA  93105 
01CY  Attn  W  Dudziak 

J  D  Haltiwanger  Consult  Eng  Svcs 
RM  106A  Civil  Engineering  Bldg 
208  N  Romine  Street 
Urbana,  IL  61801 
01CY  Attn  W  Hall 


Physics  International  Co 
2700  Merced  Street 
San  Leandro,  CA  94577 
01CY  Attn  L  Behrmann 
01CY  Attn  Technical  Library 
01 CY  Attn  E  Moore 

McDonnell  Douglas  Corp 
3855  Lakewood  Boulevard 
Long  Beach,  CA  90846 
01CY  Attn  M  Potter 


Meteorology  Research,  Inc. 
464  W  Woodbury  Rd 
Altadena,  CA  91001 
01CY  Attn  W  Green 


Kaman  Sciences  Corp. 

P.O.  Box  7463 

Colorado  Springs,  CO  80933 
01CY  Attn  D  Sachs 
01CY  Attn  F  Shelton 
01CY  Attn  Library 

Lockheed  Missiles  &  Space  Co.  Inc. 

P.O.  Box  504 

Sunnyvale,  CA  94086 

01CY  Attn  J  Weisner 

01CY  Attn  Technical  Library 

Martin  Marietta  Corp 
P.O.  Box  179 
Denver,  CO  80201 
01CY  Attn  G  Freyer 

Institute  for  Defense  Analyses 
400  Army -Navy  Drive 
Arlington,  VA  22202 
01CY  Attn  Classified  Library 

J.H.  Wiggins  Co.,  Inc. 

1650  S  Pacific  Coast  Highway 
Redondo  Beach,  CA  90277 
01CY  Attn  J  Collins 


67 


Systems,  Science  &  Software,  Inc. 

P.0.  Box  1620 

La  Jolla,  CA  92038 

OICY  Attn  J  Barthel 

OICY  Attn  T  Riney 

01CY  Attn  D  Grine 

01CY  Attn  Library 

OICY  Attn  C  Hasting 

01CY  Attn  K  Pyatt 

01CY  Attn  C  Dismukes 

01CY  Attn  T  Cherry 

Science  Application,  Inc 
101  Continental  Blvd 
FL  Segundo,  CA  90245 
01CY  Attn  D  Hove 


Science  Applications,  Inc. 
P.0.  Box  1303 
McLean,  VA  22102 
01CY  Attn  J  Cockayne 
01CY  Attn  B  Chambers  III 
01CY  Attn  M  Knasel 
01CY  Attn  W  Layson 
01CY  Attn  B  Sievers 

SRI  International 
333  Ravenswood  Ave 
Menlo  Park,  CA  94025 
01CY  Attn  G  Abrahamson 
OICY  Attn  J  Thompson 
01CY  Attn  F  Sauer 

Rand  Corp 
1700  Main  Street 
Santa  Monica,  CA  90406 
OICY  Attn  C  Mow 

Science  Application,  Inc. 

P.0.  Box  2351 

La  Jolla,  CA  92038 

OICY  Attn  H  Wilson 

OICY  Attn  Technical  Library 

OICY  Attn  R  Schlaug 

Pacific-Sierra  Research  Corp 
Washington  Operations 
1401  Wilson  Blvd 
Suite  1100 
Arlington,  VA  22209 
OICY  Attn  D  Gormley 


Systems,  Science  &  Software,  Inc. 
11800  Sunrise  Valley  Drive 
Res ton,  VA  22091 
OICY  Attn  J  Murphy 

Teledyne  Brown  Engineering 
Cummings  Research  Park 
Huntsville,  AL  35807 
OICY  Attn  J  Ravenscraft 
OICY  Attn  J  McSwain 


Science  Applications,  Inc 
2450  Washington  Avenue 
San  Leandro,  CA  94577 
OICY  Attn  D  Bernstein 
OICY  Attn  D  Maxwell 

Southwest  Research  Institute 
P.0.  Drawer  28510 
San  Antonio,  TX  78284 
OICY  Attn  A  Wenzel 
OICY  Attn  W  Baker 

R&D  Associates 

P.O.  Box  9695 

Marina  Del  Rey,  CA  90291 

OICY  Attn  R  Port 

OICY  Attn  A  Ruhl 

OICY  Attn  J  Lewis 

OICY  Attn  W  Wright 

OICY  Attn  T.  Mazzola 

OICY  Attn  Technical  Info  Center 

Sicence  Applications,  Inc. 
Radiation  Instrumentation  Div 
4615  Hawkins,  NE 
Albuquerque,  NM  87109 
OICY  Attn  J  Dishon 

Pacific-Sierra  Research  Corp 
1456  Cloverfield  Blvd 
Santa  Monica,  CA  90404 
OICY  Attn  H  Brode 


Pacifica  Technology 
P.O.  Box  148 
Del  Mar,  CA  92014 
OICY  Attn  R  B  Jork 
OICY  Attn  G  Kent 
OICY  Attn  Tech  Library 


Assistant  to  the  Secretary  of  Defense 
(Atomic  Energy) 

Washington,  DC  20301 

01CY  Attn  Executive  Assistant 


Director 

Defense  Intelligency  Agency 
Washington,  DC  20301 
01CY  Attn  RDS-3A  (Tech  LIB) 

01CY  Attn  DB-4N 

01CY  Attn  DT-1C 

01CY  Attn  DT-2 

01CY  Attn  DB-4C  E  Ofarrell 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandria,  VA  22314 
2CY  Attn  DD 

Weidlinger  Assoc.  Consulting  Engineers 

110  E  59th  Street 

New  York,  NY  10022 

01CY  Attn  I  Sandler 

01CY  Attn  M  Baron 

Naval  Research  Laboratory 
Laboratory  for  Computational  Physics 
Code  4040 

Washington,  DC  20375 
50  copies  Attn  J  Boris 


Tetra  Tech,  Inc. 

630  N  Rosemead  Blvd 
Pasadena,  CA  91107 
01CY  Attn  L  Hwang 


TRW  Defense  &  Space  Sys  Group 

P.0.  Box  1310 

San  Bernardino,  CA  92402 

01CY  Attn  G  Hulcher 

01CY  Attn  P  Dai 

01CY  Attn  E  Wong 

01CY  Attn  Library 

01CY  Attn  J  Colton 


Di rector 

Defense  Communications  Agency 
Washington,  DC  20305 
(ADR  CNWDI:  Attn  Code  240  FOR) 
01CY  Attn  Code  670  R  LIPP 

Director 

Defense  Nuclear  Agency 
Washington,  DC  20305 
02CY  Attn  SPSS 
01CY  Attn  SPSS  G  Ullrich 
01CY  Attn  SPSS  T  Deevy 
04CY  Attn  Titl 


Universal  Analytics,  Inc. 
7740  W  Manchester  Blvd 
Playa  Del  Rey,  Ca  90291 
01CY  Attn  E  Field 


Weidlinger  Assoc.  Consulting  Eng. 
3000  Sand  Hill  Road 
Menlo  Park,  CA  94025 
01CY  Attn  J  Isenberg 


Terra  Tek,  Inc. 

420  Wakara  Way 
Salt  Lake  City,  LT  84108 
01CY  Attn  A  Abou-Sayed 
01CY  Attn  Library 
01CY  Attn  A  Jones 
01CY  Attn  S  Green 

TRW  Defense  &  Space  Sys  Group 

One  Space  Park 

Redondo  Beach,  CA  90278 

01CY  Attn  N  Lipner 

01CY  Attn  Technical  Info  Center 


Kendan  Associates 

801  E.  Charleston  Rd.,  #A 

Palo  Alto,  CA  94303 

01CY  Attn  Robert  E.  Dannenbert 


Lockheed  Missile  and  Space  Co. 
P.0.  Box  504 
Sunnyvale,  CA  94088 
01CY  Attn  M.  C.  Vivian 

Los  Alamos  Technical  Assoc,  Inc. 

P.0.  Box  410 

1650  Trinity  Drive 

Los  Alamos,  NM  87544 

01CY  Attn  P.  Hughes 


Management  Science  Assoc. 

P.0.  Box  239 

Los  Altos,  CA  94022 

01CY  Attn  K.  Kaplan 

Marco  Scientific 
1031-H  East  Duane  Ave 
Sunnyvale,  CA  94086 
01CY  Attn  J.H.  Owren 

MITRE  Corporation 

P.0.  Box  208 

Bedford,  Mass  01730 

01CY  Attn  Mr.  Edward  M.  Sullivan 

McDonnel  Douglas  Astronautics  Co. 
5301  Bolsa  Ave. 

Huntington  Beach,  CA  92647 
01CY  Attn  Dr.  P.  Lewis 

Martin  Marietta  Corporation 
P.0.  Box  5837 
Orlando,  FL  32855 
01CY  Attn  G.  Fotieo 


Director 

New  Mexico  Engineering 
Research  Institute 

University  of  New  Mexico 
Albuquerque,  NM  87131 
01CY  Attn  G.  Leigh 
01CY  Attn  H.W.  Wampler 


Physics  Applications,  Inc. 
2340  Harris  Way 
San  Jose,  CA  95131 
01CY  Attn  Coye  Vincent 

Physics  International 
2700  Merced  Street 
San  Leandro,  CA  94577 
01CY  Attn  F.M.  Sayer 
01CY  Attn  J.M.  Thomsen 


Pacific-Sierra  Research  Corp. 
1456  Cloverfield  Blvd. 

Santa  Monica,  CA  90404 
01CY  Attn  H.  Brode 

Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 
01CY  Attn  Dr.  0.  Nance 

San  Diego  State  University 
Dept,  of  Civil  Engineering,  SDSU 
San  Diego,  CA  92182 
01CY  Attn  Dr.  R.J.  Fragasgy 

Martin  Marietta  Aerospace 
P.0.  Box  179 
Denver,  COLO  80201 
01CY  Attn  Robert  G.  DeRaad 

Dr.  George  F.  Widhopf 
Director,  Fluid  Mechanics  Dept. 
Aerospace  Corp. 

P.0.  Box  92957 

Los  Angeles,  California  90009 


Dr.  Marion  Balcerzak 
GATX 

7449  Matchez  Ave 
Niles,  ILL  60648 

Mr.  Burton  S.  Chambers 
SEA,  Inc. 

P.0.  Box  308 
McLean,  VA  22101 

Burt  H.  Collins 
Tech.  Reps.  Inc. 

5000  Marble,  NE,  Suite  222 
Albuquerque,  NM  87110 

Dr.  Steve  Gill 
ARTEC  Associates 
26046  Eden  Landing  Road 
Hayward,  CA  94545 

Dr.  J.P.  McLain 

New  Mexico  Inst,  of  Mining  &  Technology 
Socorro,  NM  87801 

J.  Kelso 

7124  Wolf tree  Lane 
Rockville,  MD  20852 

Higgins,  Auld  &  Associates,  Inc. 

2601  Wyoming  Blvd.  NE  Suite  H-l 
Albuquerque,  NM  87112 
01CY  Attn  Dr.  C.J.  Higgins 
01CY  Attn  J.  Bratton 

Dr.  Donald  R.  Richmond 
Lovelace  Biomedical  &  Environmental 
Research  Institute 
P.0.  Box  5890 
Albuquerque,  NM  87115 


SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 
01CY  Attn  Mr.  S.B.  Martin 
01CY  Attn  J.D.  Colton 

Southwest  Research  Institute 
P.0.  Box  28510 
San  Antonio,  TX  78284 
01CY  Dr.  W.  Baker 

Scientific  Service,  Inc. 

517  E.  Bayshore  Road 
Redwood  City,  CA  94063 
01CY  Attn  Dr.  B.  Gabrielsen 
01CY  Attn  C.  Wilton 

Systems,  Science  and  Software 
P.0.  Box  8243 
Albuquerque,  NM  87198 
01CY  Attn  C.E.  Needham 

Systems,  Science  and  Software 
P.0.  Box  1620 
La  Jolla,  CA  92038 
01CY  Attn  T.H.  Pierce 
01CY  Attn  R.E.  Duff 

Temec  USA,  Inc. 

P.O.  Box  761 

Vienna,  VA  22180 

01CY  Attn  Dale  K.  Henderson 

TWR  Electronics  &  Defense 
1  Space  Park 
Redondo  Beach,  CA  90278 
01CY  Attn  D.R.  Ausherman 
01CY  Attn  J.J.  Schrader 
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IIT  Research  Institute 
10  W  35th  Street 
Chicago,  II  60616 
01CY  Attn  D.  Anderson 
01CY  Attn  Keith  McKee 

Jaycor 

205  S.  Whiting  Street 
Alexandria,  VA  22304 

Kaman  Sciences  Corp. 

1911  Jefferson  Davis  Highway 
Arlington,  VA  22202 
01CY  Att  Dr.  D.C.  Sachs 

Kaman  Sciences  Corporation 
1500  Garden  of  Gods  Road 
P.0.  Box  7463 

Colorado  Springs,  CO  80933 
01CY  Attn  G.L.  Roark 

Kaman  Tempo 
7800  Marble  Ave. ,  NE 
Albuquerque,  NM  87110 
01CY  Attn  Robert  H.  Miller 

Kaman  Tempo 
715  Shamrock  Rd. 

BelAir,  MD  21014 
01CY  Attn  E.J.  Bryant 


Boeing  Aerospace  Co. 

P.0.  Box  3999 
Seattle,  WA  98124 

01CY  Attn  R.M.  Schmidt  (M/S  42-37) 

Calspan  Corp/ATC 
P.0.  Box  400 
Buffalo,  NY  14225 
01CY  Attn  M.G.  Dunn 

Civil  Systems  Incorporated 
P.0.  Box  2083 
Midland,  TX  79702 
01CY  Attn  Mr.  Steve  Melzer 

Consolidated  Developments,  Inc. 

515  Sherwood  Drive 
Marion,  VA  24354 
01CY  Attn  David  E.  Cary 

Electro-Mechanical  Systems  of 
Albuquerque 
P.0.  Box  11730 
Albuquerque,  NM  87192 
01CY  Attn  Dr.  Ray  A.  Shunk 

H-TECH  Laboratories,  Inc. 

P.0.  Box  1686 

Santa  Monica,  CA  90406 

01CY  Attn  B.A.  Hartenbaum 


Kaman  Tempo 

Huntington  Bldg.  Suit  506 
2560  Huntington  Ave 
Alexandria,  VA  22303 
01CY  Attn  J.  Petes 


Information  Science,  Inc. 

123  West  Padre  Street 

Santa  Barbara,  CA  93105 

01CY  Attn  Dr.  Walter  F.  Dudzlak 


Sandia  National  Laboratory 
P.0.  Box  5800 

Albuquerque,  New  Mexico  87115 
01CY  Attn  M.  Vigil  (4522) 

01CY  Attn  J.  Reed  (1111) 

01CY  Attn  L.  Vortman 

Los  Alamos  Scientific  Laboratory 

P.0.  Box  1663 

Los  Alamos,  NM  87545 

01CY  Attn  Dr.  T.  Dowler 

01CY  Attn  Dr.  J.R.  Lilley 

Lawrence  Livermore  Laboratory 

P.O.  Box  808 

Livermore,  Ca  94550 

01CY  Attn  H.  David  Glenn  (L-200) 

01CY  Attn  P.S.  Brown 

Oak  Ridge  National  Laboratories 
P.O.  Box  X 
Oak  Ridge,  TN  37830 
01CY  Attn  Health  Physics  Division 
C.K.  Kearny 


Aerospace  Corporation 
P.O.  Box  92957 
Los  Angeles,  Ca.  90009 
01CY  Attn  H.  Mirels 

Agbabian  Associates 
250  N.  Nash  Street 
El  Segundo,  Ca.  90245 
01CY  Attn  F.B.  Safford 


HQ  AFESC/RDCS 

Tyndall  AFB,  Florida  32403 
01CY  Attn  Ma j .  Hawn 

USAF 

Armament  Laboratory 
Eglin  AFB,  Florida  32542 
01CY  Attn  P.T.  Nash 

Commander 

Air  Force  Cambridge  Research 
Laboratory 
L.G.  Hanscom  Field 
Bedford,  MA  01730 

Commander 

US  Air  Force  Ballistic  Missile 

Corporation 

Norton  AFB,  Ca.  92509 

01CY  Attn  MNNH  Maj  T.  Edwards 

Commander 

USAF  Aeronautical  Lab 
Wright-Patterson  AFB,  OH  45433 
01CY  Attn  Materials  Laboratory 

US  Geological  Survey 
Geologic  Division 
2255  North  Gemini  Drive 
Flagstaff,  A Z  86001 
01CY  Attn  Dr.  David  Roddy 

Director  for  Military  Applications 
US  Atomic  Energy  Commission 
Washington,  D.C.  20545 


BDM  Corporation  Sandia  National  Laboratory 

1920  Aline  Avenue  P.O.  Box  5800 

Vienna,  Va.  22180  Albuquerque,  NM  87115 

01CY  Attn  W.  Sweeney  01CY  Attn  A.  Chabai  (7112) 

01CY  Attn  W.R.  Davey  (1533) 
01CY  Attn  F.  Mathews  (1533) 


Commander 

Naval  Surface  Weapons  Center 
White  Oak,  Md.  20910 
01CY  Attn  Code  241  M.M.  Swisdak,  Jr. 
01CY  Attn  Code  241  W.G.  Filler 

Director 

US  Army  Construction  Engineering 

Research  Laboratory 

P.0.  Box  4005 

Champaign,  11.  61820 

01CY  Attn  Dr.  W.E.  Fisher 

01CY  Attn  Alvin  Smith 


Commander 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  Ca  93043 

Commander 

Naval  Weapons  Evaluation  Facility 
Kirtland  AFB,  NM  87117 
01CY  Attn  WEM(R.  Friedburg) 

Commander 

Naval  Sea  Systems 

Command 

Washington,  D.  C.  20350 

01CY  Attn  Code  SEA  322,  G.  Sullivan 

Director 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
Dahlgren,  Va.  22448 
01CY  Attn  J.  Yagla 

Commander 

Naval  Ship  Research  &  Development 
Center 

Bethesda,  Md.  20084 

01CT  Attn  Structures  Dept,  S.  Wang 


Naval  Research  Laboratory 
Lab  for  Computational  Physics 
Washington,  D.  C.  20375 
01CY  Attn  David  Book 
01CY  Attn  Mark  Fry 
01CY  Attn  David  Fyfe 
01CY  Attn  Pradeep  Kamath 

Commander 

Naval  Coastal  System  Center 
Panama  City,  FI  32407 
01CY  Attn  R.W.  Buhl 

HQ  US  Air  Force 

Washington,  D.  C.  20330 

01CY  Attn  RDQI ,  Maj  N.  Alexandrov 

Commander 

Air  Force  Systems  Command 

Andrews  AFB,  MD  20331 

01CY  Attn  DLW,  Maj.  R.  Padfield 

Commander 

Air  Force  Weapons  Laboratory 
Kirtland  AFB,  NM  87115 
01CY  Dr.  D.  Payton  (NT) 

01CY  M.A.  Plamondon  (DES) 

Commander 

Air  Force  Weapons  Laboratory 
Kirtland  AFB,  NM  87115 
01CY  Attn  R.  Guice  (NTED) 

01CY  Attn  DY 
01CY  Attn  A.  Sharp 
01CY  Attn  D.  Renick 

Commander 

USAF  Electronics  Systems  Division 
Hanscom  AFB,  Ma  01731 
01CY  Attn  R.  Karlson 

Commander 

Air  Force  Flight  Dynamics  Lab. 
Wright-Patterson  AFB,  OH  45433 
01CY  Attn  E.  Pugh 


Command 

Naval  Ship  Research  &  Development 
Center 

Portsmouth,  Va.  23709 

01CY  Attn  Underwater  Explosion  Research 
Division  Dr.  E.  Palmer 
01CY  Attn  R.  Higginbotham 


Commander 
USA  TRADOC 

Fort  Monroe,  Va.  21651 
01CY  Attn  ATCD-Z 

Commander 

USA  Corps  of  Engineers 
Huntsville  Division 
P.O.  Box  1600 
Huntsville,  A1  35807 

Commander 

US  Army  Nuclear  and  Chemical  Agency 
7500  Backlick  Road,  Bldg  2073 
Springfield,  Va  22150 
01CY  Attn  Col  L.E.  Minnich 
01CY  Attn  Maj  J,  Uecke 

Commander 

USA  Foreign  Science  and  Tech.  Center 
220  7th  Street,  N.E. 

Charlottesville,  Va  22901 
01CY  Attn  DRXST-SD  Charles  Ward 

Director 

Ballistic  Missile  Defense  Advanced 

Technology  Center 

P.O.  Box  1500 

Huntsville,  A1  35807 

01CY  Attn  M.  Whitfield 

01CY  Attn  M.  Capps  (ATC-T) 

Director 

Defense  Nuclear  Agency 
Washington,  D.  C.  20305 
01CY  Attn  Dr.  E.  Sevin 

Director 

Defense  Nuclear  Agency 
Washington,  D.C.  20305 
01CY  Attn  SPD  Col  M.  Kovel 
01CY  Attn  SPTD  T.  Kennedy 
01CY  Attn  SPTD  LTC  Flory 
01CY  Attn  SPAS  J.I.  Slaughter 

Commander,  Test  Command 
Defense  Nuclear  Agency 
Kirtland  AFB,  NM  87115 
01CY  Attn  FCT 


Defense  Intelligence  Agency 
Washington,  D.  C.  20301 
01CY  Attn:  DB4C2  (Carl  Wiehle) 

HQDA 

Washington,  D.C.  20310 

01CY  Attn  DAMA/CSM/N  LTC  E.  Driscoll 

Dept,  of  the  Navy 
Theater  Nuclear  Warfare 
Project  Office  (PM  23) 

Washington,  DC  20360 
01CY  Attn  CAPT  D.  Alderson 

Commander 

USA  Test  &  Evaluation  Command 
Aberdeen  Proving  Ground,  MD  21005 
01CY  Attn  DRSTE-SE  Mr.  R.  Galas sso 

Commander 

USA  Armament  R&D 

Dover,  N.J.  07801 

01CY  Attn  DRDAR-LCW  Dr.  J.  Frasier 
01CY  Attn  DRDAR-LCN  P.  Angelotti 
01CY  Attn  DRDAR-LCS-V  M.A.  Ravotto 

Director 

AMSAA 

Aberdeen  Proving  Ground,  MD  21005 
01CY  Attn  DRXSY-S ,  J.  Brand 

Commander 

US  Army  Electronics  Research  and 
Development  Command 
Fort  Monmouth,  N.J.  07703 
01CY  Attn  DRDEL-S  Dr.  W.  McAfee 

Commander 

CEC0M 

Fort  Monmouth,  N.J.  07703 

01CY  Attn  DRSEL-COM-RM-l,  A  Freer 

Project  Manager 
Pershing  Project  Office 
Redstone  Arsenal,  AL  35809 
01CY  Attn  DRCPM-PE-EA  W.  Johnson 


Federal  Emergency  Mangement 
Agency 

Washington,  D.C.  20472 
01CY  Attn  Dr.  D.A.  Bettge 


Commander 

US  Army  Materiel  Development  and 
Readiness  Command 
5001  Eisenhower  Avenue 
Alexandria,  Va.  22333 
01CY  Attn  DRCMD  B.  Dunetz 
01CY  Attn  DRCLDC  Dr.  H.  Gieske 
01CY  Attn  DRCDE-SSN,  D.  Bassett 

DOD  Explosives  Safety  Board 
Forrestal  Bldg.  6A145 
Washington,  D.  C.  20305 
01CY  Attn  T.A.  Zaker 

Director 

Defense  Advanced  Research  Project 
Agency 

1400  Wilson  Blvd. 

Arlington,  Va.  22209 

Commander 

USA  Health  Services  Command 
Fort  Sam  Houston,  Texas  78234 

Commander 

US  Army  Research  Office 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 
01CY  Attn  DRXRO-ZC 

Director 

US  Army  Materials  &  Mechanics 
Research  Center 
Watertown,  MA  02172 
01CY  Attn  J.  Dignam 

Commander 

US  Army  Air  Mobility  R&D 
Laboratory 

Fort  Eustis,  Va.  23604 
01CY  Attn  S.  Pociluyko 

Commander 

US  Army  Natick  R&D  Command 

Natick,  MA  01760 

01CY  Attn  DRDNA-UST,  J.  Siegel 

Director 

Waterways  Experiment  Station 
P.O.  Box  631 

Vicksburg,  Mississippi  39180 
01CY  Attn  W.  Flathau  (WESSE) 


Commander 

White  Sands  Missile  Range 

White  Sands  Missile  Range,  NM  88002 

01CY  Attn:  STEWS-TEAN,  J.  O'Kuma 

Commander 

US  Army  Missile  Command 

Redstone  Arsenal,  AL  35809 

01CY  Attn  DRSM1-RHB ,  Mr.  H.W.  Green 

Commander 

US  Army  Missile  Command 
Redstone  Arsenal,  AL  35808 
01CY  Attn  DRSM1-RRR,  S.P.  Gibson 

Dept  of  the  Navy 

Theater  Nuclear  Warfare  Project 

Office  (PM  23) 

Washington,  D.  C.  20360 
01CY  Attn  Capt.  D.  Alderson 

Commander 

US  Chemical  Systems  Laboratory 
Aberdeen  Proving  Ground 
Aberdeen,  MD  21010 
01CY  Attn  DRDAR-CLW-E ,  J.  Zuraw 

Director 

USA  Ballistic  Research  Laboratory 

Aberdeen  Proving  Ground,  MD  21010 

01CY  Attn  DRDAR-BLT,  D.  Menne 

01CY  Attn  W.J.  Taylor 

01CY  Attn  C.W.  Ktchens 

01CY  Attn  F.  Oertel 

01CY  Attn  F.  Oertel 

01CY  Attn  J.  Santiago 

01CY  Attn  J.H.  Keefer 

01CY  Attn  N.  Ethridge 

01CY  Attn  W.  Schuman 

Director 

USA  Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground,  Md.  21010 
01CY  DRDAR-BLV,  O.T.  Johnson 
01CY  R.  Vital 
01CY  D.  Rigotti 
01CY  D.  Haskell 

Assistant  Secretary  of  the  Navy 
(R  &  D) 

Department  of  the  Navy 
Washington,  D.C.  20350 


Chief,  Naval  Operations 
Department  of  the  Navy 
Washington,  D.C.  20350 
01CY  Attn  OP  985 

Chief 

Naval  Material  Office 
Department  of  the  Navy 
Washington,  D.C.  20350 
01CY  Attn  1.  Jaffee 


Commander 

Experimental  Engineer  Division 

Hanover,  NH  03755 

01CY  Attn  A.F.  Wuori  USA,  CRREL 

Director 

Nuclear  Program  Office 
Naval  Surface  Weapons  Center 
White  Oak,  MD  20910 
01CY  Attn  R.  Jenkins 

Director 

BMD  Advanced  Technology  Center 

Department  of  the  Army 

P.O.  Box  1500 

Huntsville,  AL  35807 

01CY  Attn  ATC-T 

0 ICY  Attn  ICRDABH-x 

0 ICY  Attn  ATC-T 


Commander 

U.S.  Army  Core  of  Engineers 
Pulaski  Building 
20  Massachusetts  Ave,  N.W. 
Washington,  D.C.  20314 
01CY  Attn  DAEN-ECE-T 
01CY  Attn  DAE-RDM 

Under  Secy  of  Def  For  Rsch  &  Engrg 
Department  of  Defense 
Washington,  DC  20301 
01CY  Attn  Strategic  &  Space  Sys 
Rra.  3E129 


Commander 
Field  Command 
Defense  Nuclear  Agency 
Kirtland  AFB ,  NM  87115 
01CY  Attn  FCTM0F 
01CY  Attn  FCT 
01CY  Attn  FCPR 
01CY  Attn  FCTT 


Director  Joint  Strat  TGT  Planning  Staff 

0FFUTT  AFB 

Omaha,  NB  68113 

01CY  Attn  JLA 

01CY  Attn  DOXT 

01CY  Attn  XPES 

01CY  Attn  NRI-STINFO  Library 
01CY  ATtn  JLTW-2 

Commander 

BMD  Systems  Command 
Department  of  the  Army 
P.O.  Box  1500 
Huntsville,  AL  35807 
01CY  Attn  BMDSC-HW 
01CY  Attn  BMDSCH-HW  R  Dekalb 
01CY  Attn  BMDSCH  H  N  Hurst 
01CY  Attn  BMDSCH  RC  Webb 

Commandant 

NATO  School  (SHAPE) 

APO  New  York  09172 

01CY  Attn  US  Documents  Officer 


Chairman 

Department  of  Defense  Explo  Safety 
Board 

2461  Eisenhower  Avenue 
Alexandria,  VA  22331 
01CY  Attn  Chairman 

Chief 

Field  Command 
Defense  Nuclear  Agency 
Livermore  Branch 
P.O.  Box  808  L-317 
Livermore,  CA  94550 
01CY  Attn  FCPRL 


Horizons  Technology,  Inc. 

7830  Clairement  Mesa  Blvd 
San  Diego,  CA  92111 
01CY  Attn  R  Kruger 

Gard,  Inc. 

7449  N  Natchez  Avenue 
Niles,  IL  60648 

01CY  Attn  G  Neidhardt  (unci  only) 


Commandant 
US  Army  War  College 
Caplisle  Barracks,  PA  17013 
01CY  Attn  Library 

Commander 

US  Army  Foreign  Science  &  Tech  Ctr 
220  7th  Street,  NE 
Charolttesville ,  VA  22901 
01CY  Attn  DRXST-SD 

Commander 

US  Army  Material  Dev  &  Readiness  CMD 

5001  Eisenhower  Avenue 

Alexandria,  VA  22333 

01CY  Attn  DRCDE-DL  Flynn 

01CY  Attn  DRXAM-TL  (Tech  Lib)uncl  only 

Director 

US  Array  construction  Energe  Res  Lab 
P.0.  Box  4005 
Champaign,  IL  61820 
01CY  Attn  Library 

Division  Engineer 

US  Army  Engineer  Div  Huntsville 

P.0.  Box  1600,  West  Station 

Huntsville,  AL  35807 

0  ICY  Attn  Hnded-SR 

01CY  Attn  Hnded-FD 

Commander 

Harry  Diamond  Laboratories 

Department  of  the  Army 

2800  Powder  Mill  Road 

Adelphi,  MD  20783 

(CNWDI-Inner  Envelope-Attn:  Delhd- 

Rbh  FOR) 

01CY  Attn  DELHD-I-TL  (Tech  Lib) 

01CY  Attn  Chif  Div  20000 

Commander 

US  Army  Armament  Material  Readiness  Com 
Rock  Island,  IL  61202 
01CY  Attn  MA  Library 

Commander  and  Director 

US  Army  Cold  Region  Res  Engr  Lab 

P.0.  Box  282 

Hanover,  NH  03755 

01CY  Attn  Library 


Director 

US  Army  Eng  Waterways  Exper  Station 

P.0.  Box  631 

Vicksburg,  MS  39180 

01CY  Attn  J  Zelasko 

01CY  Attn  Wessd  J  Jackson 

01CY  Attn  J  Strange 

01CY  Attn  Wesse  L  Ingram 

01CY  Attn  Library 

Q1CY  Attn  Wessa  W  Flathau 

Commander 

US  Army  Material  &  Mechanics  Rsch  Ct 
Watertown,  MA  02172 
(Address  CNWDI:  Attn  Document 
Control  FOR:) 

01CY  Attn  Technical  Library 
01CY  Attn  DRXMR-TE  R  Shea 
01CY  Attn  DRXMR  J  Mescall 

Commander 

US  Army  Concepts  Analysis  Agency 

8120  Woodmont  Avenue 

Bethesda,  MD  20014 

01CY  Attn  CSSA-ADL  (Tech  Lib) 


Commander 

US  Army  Engineering  Center 
Fort  Belvoir ,  VA  22060 
01CY  Attn  Technical  Library 
01CY  Attn  ATZA 

Director 

US  Army  Ballistic  Research  Labs 
Aberdeen  Proving  Ground,  MD  21005 
01CY  Attn  DRDAR-BLV 
01CY  Attn  DRDAR-BLT  J  Keefer 
01CY  Attn  DRDAR-TSB-S  (Tech  Lib) 

Dep  Ch  of  Staff  FOR  OPS  &  Plans 
Department  of  the  Army 
Washington  DC  20310 
01CY  Attn  DAMO-NC 


Office  of  Naval  Research 

Arlington,  VA  22217 

01CY  Attn  Code  474  N  Perrone 


Superintendent 
Naval  Postgraduate  School 
Monterey,  CA  93940 
(Desires  No  CNWDI  Documents) 
01CY  Attn  Code  1424  Library 
01CY  Attn  G  Lindsay 


Commander 

Naval  Sea  Systems  Command 
Washington,  DC  20362 
0 ICY  Attn  SEA  09G53  (Lib) 
0 ICY  Attn  SEA  0351 


Commander 

David  Taylor  Naval  Ship  R&D  Ctr 
Bethesda,  MD  20084 
(CNWDI  only  Attn  Mrs.  M  Birkhead 
Code  5815.6) 

01CY  Attn  Code  L42-3  (Library) 


Commander 

Naval  Electronic  Systems  Command 
Washington,  DC  20360 
01CY  Attn  PME  117-21 

Headquarters 
Naval  Material  Command 
Washington,  DC  20360 
01CY  Attn  MAT  08T-22 


Commander 

U.S.  Army  Mobility  Equip  R&D  CMD 
Fort  Belvoir,  VA  22060 
(CNWDI  to  Army  MAT  Dev  &  Readiness  Com 
01CY  Attn  Drome-WC  (Tech  Lib) 

Director  of  Research 
U.S.  Naval  Academy 
Annapolis,  MD  21402 
02CY 


Commander 

Naval  Ocean  Systems  Center 
San  Diego,  CA  92152 
01CY  Attn  Code  013  E  Cooper 
01CY  Attn  Code  4471  (Tech  Lib) 

Commanding  Officer 

Naval  Research  Laboratory 

Washington,  DC  20375 

(RD  &  RD/N  Attn  Code  1221  for  & 

FRD  Attn  Code  2628  FOR) 

01CY  Attn  Code  4040  J  Boris 
01CY  Attn  Code  2627  (Tech  Lib) 

01CY  Attn  4040  D  Book 

Officer  in  Charge 

Naval  Surface  Weapons  Center 

White  Oak  Laboratory 

Silver  Spring,  MD  20910 

01CY  Attn  P44  H  Galz 

01CY  Attn  Code  F31 

01CY  Attn  Code  X211  (Tech  Lib) 

Office  in  Charge 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  CA  93041 
01CY  Attn  Code  L53  Forrest 
01CY  Attn  Code  L08A  Library 
01CY  Attn  Code  L51  J  Crawford 
01CY  Attn  L51  R  Murtha 

Commander 

Naval  Facilities  Engineering  Command 
Washington,  DC  20390 
01CY  Attn  Code  04B 

Commander 

U.S.  Army  Missile  Command 
Redstone  Arsenal,  AL  35898 
01CY  Attn  RSIC 
01CY  Attn  DRDMI-XS 

Commander 

U.S.  Array  Nuclear  &  Chemical  Agency 

7500  Backlick  Road 

Building  2073 

Springfield,  VA  22150 

(Desires  only  l  cy  to  library) 

01CY  Attn  J  Simms 
01CY  Attn  Library 


